Following its application in the study of protonantiproton annihilations [1] , the study of Bose-Einstein correlations has been used extensively to measure source distributions in relativistic heavy ion collisions [2, 3] . These measurements were originally motivated by theoretical predictions of a large source size and/or a long duration of particle emission [4 -6] which would result from a softening of the equation of state in a first-order phase transition to a quark-gluon plasma (QGP). The technique of Bose-Einstein correlations is based upon quantum statistical interference, but final state interactions such as Coulomb repulsion modify the relative momentum distributions for pairs of identical particles emanating from the collision region. Both effects are included in multidimensional Gaussian fits to the normalized relative momentum distributions yielding fit parameters which are the rms widths in each dimension, R long , R side , R out [7, 8] , also referred to as HBT radii to honor the radio astronomers Hanbury Brown and Twiss who pioneered a similar technique to determine the angular diameters of stars [9] . For dynamic (i.e., expanding) sources, the HBT radii depend on the mean transverse momentum of the particle pairs, k T p 1T p 2T =2, and correspond to lengths of homogeneity, regions of the source which emit particles of similar momentum [10] . Measuring the k T dependence of the HBT radii provides essential constraints on dynamical models that include the space-time evolution of the source [11, 12] .
Most hydrodynamical models for the space-time evolution of a rehadronizing QGP predicted that the measurement of the R out =R side ratio at moderate values of k T provides a sensitive measure of the expected long duration of particle emission, a signal of a slowly burning first-order phase transition from QGP to hadrons at the Relativistic Heavy Ion Collider (RHIC) [4] . Predictions that the R out =R side ratio should reach 1:5 at k T of 0:5 GeV=c were not borne out by initial measurements of Bose-Einstein correlations of pions from Au Au collisions at s NN p 130 GeV [13, 14] . Disagreement between theory and data is known as the ''RHIC HBT puzzle'' [15] .
We present here data on Bose-Einstein correlations of charged pion pairs measured by the PHENIX experiment at RHIC for Au Au collisions at s NN p 200 GeV. In this analysis, we adopt a recent fitting technique that provides for a self-consistent treatment of the Coulomb final state interaction for a source that is made up of a smaller core and a more extended halo of long-lived resonances. We introduce a new parametrization in which the strength of the Coulomb interaction is constrained by the measured unlike-sign pion correlation.
The PHENIX detector provides particle identification (PID) capabilities for hadrons, leptons, and photons over a wide momentum range. The setup of the PHENIX detector has been described in detail elsewhere [16] . In this analysis, we use the west arm of the central spectrometer, which covers the pseudorapidity region jj < 0:35 and =2 in an azimuthal angle over a region of 0:2 < k T < 2:0 GeV=c. The drift chamber (DC), at a radial distance between 2.0 and 2.4 m, provides trajectory information in the azimuthal direction. A pad chamber (PC1) at 2.5 m provides z-coordinate information. Combining the DC and PC1 information, a track model provides a three-dimensional trajectory and momentum vector for charged particles. The momentum resolution is p=p ' 0:7% 1:0% p (GeV=c), where the first term is due to the multiple scattering before the DC, and the second term results from the angular resolution of the DC. For this analysis, the electromagnetic calorimeter (EMCal) provides the time of arrival of particles at its front face located 5.1 m from the beam axis. The timing resolution is approximately 400 psec for hadrons. This analysis is based on a sample of 34 10 6 minimum-bias events taken with an integrated magnetic field of 0.78 T m and triggered by the coincidence of the beam-beam counters (BBCs) and zero-degree calorimeters (ZDCs) -corresponding to 92% 2% of the total inelastic cross section of 6.8 b. Event centrality is determined using a correlation measurement between neutral energy deposited in the ZDCs and fast particles recorded in the BBCs [17] . A Monte Carlo Glauber model [18, 19] is used with a simulation of the BBC and ZDC responses to determine the number of nucleons participating in the collisions (N part ) for the minimum-bias events. About 23 10 6 events are selected with a requirement that the collision vertex position measured by the BBC is within 30 cm from the center of the spectrometer. Each track is required to have an associated hit on the EMCal within 2 of the track's projection to the EMCal, where refers to the resolution of the projection. Charged particles are identified by the time-of-flight technique using timing information between the BBC and the EMCal, combined with momentum and path length calculated by the track model. Charged particles in the PID zone within 1:5 of the ideal squared-mass peak of pions but 1:5 away from the kaon bands are identified as pions. After the track quality and PID cuts, 45 10 6 positive pions and 51 10 6 negative pions are selected in a momentum range from 0.2 to 2:0 GeV=c.
The pion correlation function is experimentally defined as C 2 q Aq=Bq, where Aq is the measured two-pion (actual pair) distribution of pair momentum difference q, and Bq is the background pair (mixed pair) distribution generated using mixed events from the same data sample. Event mixing is done selecting events that have similar multiplicities and event vertices. We remove ghost tracks and inefficiencies by removing pairs of tracks in three regions at the drift chambers: Z DC < 1 cm and DC < 60 mr, Z DC < 5 cm and DC < 30 mr, and DC < 5 mr. We also remove hits affected by EMCal cluster sharing by eliminating tracks with hits separated by less than 8 cm at the EMCal. The event-mixed background pairs are subjected to the same cuts. After pair cuts, 110 10 6 positive and 140 10 6 negative pion pairs remain, approximately 40 times the data sample acquired by PHENIX at s NN p 130 GeV [13] . Remaining inefficiencies in the DC and EMCal are small, and for these we apply a correction from a GEANT-based [20] Monte Carlo simulation of the detector. The multiplicity dependence is estimated by embedding simulated pion pairs into real events. The systematic errors from pair cuts and corrections are estimated to be 4% for R side and R long , and 8% for R out . Systematic errors for the Coulomb correction (discussed below) are 2%, and we assign an additional systematic error of 1% to each radius for the so-called residual HBT effect [21] in the event-mixed background. All systematic errors are determined as a function of k T and centrality.
To compare directly to previous analyses, we fit the correlations using a standard full Coulomb correction, in which the Coulomb correction is determined iteratively by calculating the Coulomb wave function [6] for a 3D Gaussian parametrization of the source using the radius fit parameters from the previous iteration. We fit the BoseEinstein correlation with the full Coulomb correction to the 1D q inv parametrization, C The relative momentum q is decomposed into q side , q out , and q long , where the longitudinal component (q long ) is parallel to the beam axis, the out component (q out ) is parallel to the mean transverse momentum of the pair, k T , and the side component (q side ) is perpendicular to both q long and q out [7, 8] . Analysis is performed in the longitudinal center-of-mass system (LCMS), where the mean longitudinal momentum of the pair vanishes. In this frame, the duration of particle emission couples exclusively to q out . Cross terms may appear in Eq. (1), but they vanish in our measurement of central collisions at midrapidity for symmetry reasons [22] .
In the core-halo model of the source many relatively long-lived particles (e.g., , 0 ) decay into pions too far from the core to be experimentally resolved by BoseEinstein interference [23] . These pions also have Coulomb interactions that are negligible. To account for this effect, and to assess the systematic errors that arise from making a clean distinction between the core and halo components of the source, we perform two fits to the correlation function using Eqs. (2) and (3):
where G corresponds to the Gaussian term in Eq. (1). In Eq. (2) [24 -26] , the fit is applied to the correlation function without Coulomb correction (C raw 2 ), and the Coulomb correction term F is included in the fit function itself. In Eq. (3) we introduce a new parameter, ÿ , to decouple the Coulomb and Bose-Einstein fractions. This form extends the formalism to allow for intermediate range decay pions, such as from the !, which may contribute to the Coulomb strength without being resolved in the measured Bose-Einstein correlation [27] . ÿ is determined by fitting Coulomb correlation functions calculated with several Coulomb strengths, assuming the 1D HBT radius obtained from the like-sign pion data, to the unlike-sign correlation function in the range 0:2 < k T < 2:0 GeV=c, as shown in Fig. 1(a) . The test yields a value of Coulomb strength ÿ 0:50 0:04, where 2 of the fit becomes minimum ( differences arising from the use of Eq. (3) are incorporated into the total systematic errors. Figure 3 shows the k T dependence of all radii and the ratio R out =R side , along with the recently published STAR results [28] , and the radii from hydrodynamical model calculations of Hirano [29] and Soff [30] . The results of PHENIX and STAR are in excellent agreement, and reveal in great detail the characteristic 50% overprediction of these models in R out =R side . The k T dependence of these radii is reproduced by parametrizations of hydrodynamic freeze-out hypersurfaces [31] [32] [33] that are fit to previously published data. Figure 4 shows that the centrality dependency is well described by a linear function of N 1=3 part . The slope parameters for R side and R out are similar to those measured at 11.6 and 14:6A GeV=c [34] , while R long is significantly larger. Therefore the approximate independence of R side and R out , and the increase in R long with s NN p documented in Fig. 2 of [13] , can be extended to peripheral collisions as well.
In conclusion, we have presented the Bertsch-Pratt HBT radii in the LCMS for identified charged pions measured by PHENIX in Au Au collisions at s NN p 200 GeV. The k T dependence of the HBT radii was measured for hN part i 281, and the centrality dependence was measured for hk T i 0:45 GeV=c. We performed two different partial Coulomb analyses: one based upon a self-consistent treatment of the Coulomb correction, and the other based upon direct comparison to the unlike-sign correlations. The methods give different results for , R out , and R out =R side from those of the full Coulomb correction. Using the partial Coulomb correction of Eq. (2), we observe that the value of R out =R side , as a function of k T , decreases from 1:1 to 0:8 over the range of k T 0:2-1:2 GeV=c for hN part i 281. This ratio remains approximately constant at unity when plotted as a function of the number of participants for hk T i 0:45 GeV=c. These measurements are consistent with recent results from STAR for the same system, but they 3 (color online) . The k T dependence of the Bertsch-Pratt parameters for (blue square) and ÿ ÿ (red triangle) for 0%-30% centrality, from fits to a core-halo structure by Eq. (2), with statistical error bars and systematic error bands. Results from STAR [28] and hydrodynamics models (Hirano [29] , solid and dashed lines, and Soff [30] , diamonds) are overlaid. . 2 (color online) . The k T dependence of , R out , and R out =R side for ÿ ÿ for 0%-30% centrality. Filled triangles show the results from fits to a core-halo structure by Eq. (2), with statistical error bars and systematic error bands. Open circles and squares show the results from the full and partial Coulomb corrections by Eqs. (1) and (3), respectively, with statistical error bars.
